In this work Hopfield neural networks with neutral delays are considered. Some sufficient conditions for the existence and uniqueness of almost periodic solutions are established by using the fixed point theorem and differential inequality techniques. The results of this work are new and complement previously known results.
Introduction
Consider the following models for Hopfield neural networks (HNNs) with neutral delays:
x i (t) = −c i (t)x i (t) + n j=1 a ij (t)f j (x j (t − τ ij (t))) + n j=1 b ij (t)g j (x j (t − σ ij (t))) + I i (t), i = 1, 2, . . . , n, (1.1) in which n corresponds to the number of units in a neural network, x i (t) corresponds to the state vector of the ith unit at the time t, c i (t) > 0 represents the rate with which the ith unit will reset its potential to the resting state in isolation when disconnected from the network and external inputs at the time t. a ij (t) and b ij (t) are the connection weights at the time t, τ ij (t) ≥ 0 and σ ij (t) ≥ 0 correspond to the transmission delay of the ith unit along the axon of the jth unit at the time t, I i (t) denotes the external inputs at time t, f j and g j are activation functions of signal transmission.
It is well known that the HNNs have been successfully applied to signal and image processing, pattern recognition and optimization. Hence, they have been the object of intensive analysis by numerous authors in recent years. In particular, there have been extensive results on the problem of the existence and stability of periodic and almost periodic solutions of HNNs in the literature (see [1] [2] [3] [4] [5] 9] ).
In recent years, the stability analysis of various neutral delay-differential systems has also received some attention [6] [7] [8] . The theory of neutral delay-differential systems is of both theoretical and practical interest. For a large class of electrical networks containing lossless transmission lines, the describing equations can be reduced to neutral delay-differential equations; such networks arise in high speed computers where nearly lossless transmission lines are used to interconnect switching circuits. Also, the neutral systems often appear in the study of automatic control, population dynamics, and vibrating masses attached to an elastic bar [6] [7] [8] [9] . In [9] , by using an abstract continuous theorem of a k-set contractive operator and some analysis technique, some new sufficient conditions are obtained for the existence of periodic solutions of neutral delayed HNNs (1.1). However, to the best of our knowledge, few authors have considered the existence and uniqueness of almost periodic solutions of the HNNs (1.1). Thus, it is worthwhile to continue to investigate HNNs (1.1) in this case.
The main purpose of this work is to give the conditions for the existence and uniqueness of almost periodic solutions for system (1.1). By applying a fixed point theorem and differential inequality techniques, we derive some new sufficient conditions ensuring the existence and uniqueness of the continuously differentiable almost periodic solution, which are new and complement previously known results. Moreover, an example is also provided to illustrate the effectiveness of our results.
We also assume that the following conditions (H 1 ) and (H 2 ) hold. (H 1 ) For each j ∈ {1, 2, . . . , n}, there exist nonnegative constantsL j and L j such that
(H 2 ) There exist constants η > 0 and ξ i > 0, i = 1, 2, . . . , n, such that for all t ∈ R, there holds
Throughout this work, for i, j = 1, 2, . . . , n, it will be assumed that c i ,
and there exist constantsc i andc i such that
For convenience, we introduce some notation. We will use x = (x 1 , x 2 , . . . , 
We set
where ϕ is a continuously differentiable almost periodic function on R. For ∀ϕ ∈ B, we define the induced modulus
and then B is a Banach space. [10, 11] ). Let u(t) : R −→ R n be continuous in t. u(t) is said to be almost periodic on R if, for any ε > 0, the set T (u, ε) = {δ : |u(t + δ) − u(t)| < ε, ∀t ∈ R} is relatively dense, i.e., for any ε > 0, it is possible to find a real number l = l(ε) > 0 where, for any interval with length l(ε), there exists a number δ = δ(ε) in this interval such that |u(t + δ) − u(t)| < ε, ∀t ∈ R. [10, 11] ). If u(t) : R −→ R n is continuously differentiable in t, u(t) and u (t) are almost periodic on R, then u(t) is said to be a continuously differentiable almost periodic function. [10, 11] ). Let x ∈ R n and Q (t) be an n × n continuous matrix defined on R. The linear system
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is said to admit an exponential dichotomy on R if there exist positive constants k, α, projection P and the fundamental solution matrix X (t) of (1.5) satisfying
Lemma 1.1 (See [10, 11] ). If the linear system (1.5) admits an exponential dichotomy, then the almost periodic system
has a unique almost periodic solution x(t), and
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Lemma 1.2 (See [10,11]). Let c i (t) be an almost periodic function on R and M[c i ] = lim
Then the linear system
admits an exponential dichotomy on R.
The remaining part of this work is organized as follows. In Section 2, we shall derive new sufficient conditions for checking the existence and uniqueness of continuously differentiable almost periodic solutions of (1.1). In Section 3, we shall give some examples and remarks to illustrate our results obtained in the previous sections. 
Existence and uniqueness of almost periodic solutions
Proof. Set
Then we can transform (1.1) into the following system:
For ∀ϕ ∈ B, we consider the almost periodic solution x ϕ (t) of nonlinear almost periodic differential equations
. . , n; it follows from Lemma 1.2 that the linear system
admits an exponential dichotomy on R. Thus, by Lemma 1.1, we obtain that the system (2.2) has exactly one almost periodic solution:
Now, we define a mapping T : B → B by setting
We next prove that the mapping T is a contraction mapping of B. In fact, in view of (2.4), (H 1 ) and (H 2 ), for ∀ϕ, ψ ∈ B, we have Thus, in view of (2.6) and (2.7), (2.5) implies that the mapping T : B −→ B is a contraction mapping. Therefore, the mapping 
